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Abstract

Aim: The aim of this computerized tomography study was to determine the optimal epiphyseal screw length using the diaphyseal screw length as a reference
while performing volar plate osteosynthesis of the distal radius.

Material and Methods: Computerized tomography scans of 49 wrists (35 men and 14 women) were used for the measurements. The mean maximal length of
one diaphyseal screw and four distal epiphyseal screws was measured and statistical analyses were performed.

Results: The results of this study revealed that the epiphyseal screw lengths were highly correlated with the diaphyseal screw length. Based on the data derived
from measurements, we recommend using epiphyseal screw lengths of 14, 14, 16 and 14 mm for FU, NU, NR and FR screws, respectively, for 10 mm diaphyseal
screws, 16, 16, 16 and 14 mm, respectively, for 12 mm diaphyseal screws, and 16, 18, 18 and 16mm, respectively, for 14 mm diaphyseal screws to achieve
safe and secure fixation in volar plating of distal radial fractures.

Discussion: Using predetermined epiphyseal screw lengths in volar plating of distal radial fractures may decrease operation time, reduce intraoperative radia-
tion exposure, and avoid the risk of intra-operative or postoperative extensor tendon injury.
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Determination of epiphyseal screw lengths in distal radial fractures

Introduction

The volar plate osteosynthesis is a popular treatment
option for distal radial fractures. Volar plating of the distal
radius may complicated with irritation and/or rupture of the
extensor tendons. Drilling the dorsal cortex or the placement
of excessively long epiphyseal screws may cause tendon
complications [1]. Although most surgeons rely on the sensation
of drilling the dorsal cortex and using depth measuring tools
to determine epiphyseal screw lengths, comminution and
fragmentation of the dorsal cortex may lead to errors. In
addition, evaluation of the epiphyseal screws may be difficult
on standard radiographic views due to the trapezoidal shape
of the distal radius. Alternative intraoperative fluoroscopic
images (skyline view, radial groove view or supinated view)
were also defined to detect oversized screws with a sensitivity
of 75-85% for 2 mm screw protrusions [2], but drilling depth
cannot be determined with these methods [3]. Several authors
have recommended the use of unicortical epiphyseal locking
screws to avoid dorsal cortex penetration and extensor tendon
injury [4, 5]. The unicortical screw length is suggested to be
a minimum of 75% of the total thickness of the distal radius
epiphysis to maintain reduction [6]. Intraoperative assessment
of the screw length with fluoroscopy may not be adequate to
avoid excessively long secrews. On the other hand, very short
screws may cause a loss of reduction.

Recent studies have focused on predicting epiphyseal screw
length in volar plating of distal radial fractures in effort to
minimize extensor tendon complications. Ljungquist et al.
recommended using the lunate depth as an estimate for the
length of the longest screw when fixing distal radius fractures
with volar plate techniques to avoid extensor tendon irritation
and rupture [7]. Similarly, Letissier et al. conducted a radiological
study in which computerized tomography scans of 40 patients
were virtually plated. They concluded that the epiphyseal screw
lengths were highly correlated with the diaphyseal screw length
[8].

The aims of this computerized tomography study were as
follows: 1. to evaluate a potential relationship between the
length of the diaphyseal screw and the lengths of epiphyseal
screws in volar plating of distal radial fractures, 2. to offer
optimal screw lengths for safe and secure fixation for volar
plating of distal radial fractures, 3. to ease the determination
lengths without excessive
fluoroscopic exposure for distal radius fractures.

process of epiphyseal screw

Material and Methods

The shapes of commercially available plates are very similar
by means of the positions for epiphyseal and diaphyseal
screw holes [8]. Therefore, we conducted this CT analysis
study to evaluate the measurements of the distal radius and
to determine the screw length applicable to most of the volar
plate designs.

Computed tomography (CT) scans of 84 patients from our
institution’s imaging database from January 2016 to June 2019
were retrospectively evaluated. CT scans of skeletally mature
patients without radius pathology were included. Patients
younger than 18-years, patients with a radial fracture or
anatomic abnormality, and scans with inadequate imaging of

the distal radius were excluded. CT scans of 49 patients (35
men and 14 women) met our inclusion criteria and furtherly
evaluated. All scans were performed using a CT scanner
(Siemens Somatom Definition Flash, Munich, Germany) for
the evaluation of patients with upper extremity trauma. The
slice interval of these CT scans was 1 mm. CT images were
evaluated using RadiAnt DICOM Viewer (version 4.6.5.18450).
The determination of the epiphyseal and diaphyseal screw
holes was as follows: the watershed line was defined as a
line, which was drawn parallel to the radiocarpal joint and 4.5
mm proximally to the intersection of the distal radial articular
surface and scapholunate joint in coronal and 3-D CT images.
The watershed line then was divided into 4 equal quadrants,
and the intersection points of these quadrants with the
watershed line were marked to mimic 4 epiphyseal screw holes
(far ulnar (FU), near ulnar (NU), near radial (NR) and far radial
(FR)) in distal radius volar anatomic plate. Plate templates
were not used since the screw lengths are not affected by
the plate and all commercially available plates provide almost
exact epiphyseal and diaphyseal screw locations. An imaginary
diaphyseal screw hole (D) of distal radius volar anatomic plate
was marked in radial shaft 4 cm proximal to the distal radial
articular surface in coronal and 3-D CT images (Figure 1). The
watershed line is demonstrated by a yellow line drawn 4.5 mm
proximal to the radiocarpal articular surface in all images (a-
f). The diaphyseal screw hole is demonstrated with a red dot
marked 4 cm proximal to the radiocarpal articular joint (e-f).
Epiphyseal screw holes are demonstrated with yellow dots
(a. Far Ulnar, b. Far Radial, c. Near Ulnar, d. Near Radial). The
projections of the epiphyseal and diaphyseal screw holes
were marked also on horizontal and sagittal CT images. The
epiphyseal and diaphyseal screw lengths were measured from
the near to far cortex on CT images in the sagittal plane. In
order to simulate volar plating operation, the epiphyseal screws
were given 10 degrees angulation relative to the line, which is
perpendicular to the longitudinal axis of the radius in sagittal
images (a. Far Ulnar, b. Near Ulnar, c. Near Radial, d. Far Radial,
e. Diaphyseal, Yellow line: Watershed line, Blue line: Sagittal
plane, Green line: Axial Plane) (Figure 2).

Statistical Analysis

Descriptive parameters and linear regression analysis were
used in the statistical evaluation of the data. The normality of
the distribution of the study population was verified using the
Kolmogorov-Smirnov test. A regression analysis was performed
between the maximum lengths of the diaphyseal screw and the
distal epiphyseal screw in each region (FU, NU, NR and FR).
Statistical significance was set at p 0.05 with a confidence
interval (Cl) of 95% while evaluating the results. All analyses
were performed using IBM SPSS Statistics 22.0.

Results

Linear regression analysis between the diaphyseal screw length
and each of the epiphyseal screw length regions showed a
linear correlation and resulted in 4 regression equations. The
results were statistically significant (p<0.05) with a Cl of 95%.
The coefficients of correlation values (R) of FU, NU, NR and FR
epiphyseal screws were 0.60, 0.59, 0.55 and 0.57, respectively,
and the coefficients of determination values (R?) of FU, NU,
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Table 1. Linear regression analysis of the data showed high coefficients of correlation values for FU, NU, NR and FR epiphyseal

screws (bold and underlined)

Unstandardized Coefficients

Std. Error

(Constant) 9,495 1,961
Far Ulnar

Diaphyseal 0,787 0,154

(Constant) 9,37 2,244
Near Ulnar

Diaphyseal 0,871 0,176

(Constant) 12,355 1,85
Near Radial

Diaphyseal 0,66 0,145

(Constant) 10,165 1,777
Far Radial

Diaphyseal 0,653 0,139

Table 2. Recommended epiphyseal (FU, NU, NR, FR) screw
lengths according to diaphyseal (D) screw lengths

17,40 18,07 18,96 16,66 Maximum
- 14,79 15,35 16,11 14,16 85%
13,00 13,55 14,22 12,49 75%
14 14 16 14 Recommended
18,98 19,81 20,28 17,96 Maximum
16,13 16,83 17,23 15,26 85%
2 14,23 14,85 15,21 13,47 75%
16 16 16 14 Recommended
20,56 21,55 21,60 19,26 Maximum
17,47 18,31 18,36 16,37 85%
" 15,42 16,16 16,20 14,44 75%
16 18 18 16 Recommended

NR and FR epiphyseal screws were 0.36, 0.34, 0.31 and 0.32,
respectively (Table 1). The maximum length of epiphyseal
screws of FU, NU, NR and FR were found as 17.4, 18.07, 18.96
and 16.66 mm for 10 mm diaphyseal screw, 18.98, 19.81,20.28
and 17.96 mm for 12 mm diaphyseal screw, and 20.56, 21.55,
21.6 and 19.26 mm for 14 mm diaphyseal screw, respectively.

Discussion

The results of this CT analysis study revealed that there was
a statistically significant correlation between the diaphyseal
screw length and the epiphyseal screw lengths in volar plating
of distal radial fractures. The regression analysis showed high
coefficients of correlation values (R>0.5) for each epiphyseal
screw region. In order to limit the risk of dorsal cortex
penetration and achieve optimum strength for fixation, in the
literature, it is shown that epiphyseal unicortical locking screws
should be at least 75% in length to produce stability similar
to bicortical fixation [9]. Therefore, in our study, epiphyseal
screw measurements were recalculated and determined to be
between 75% and 85% of maximum epiphyseal screw lengths
and rounded down to commercially available screw sizes (Table
2). The results of this study suggest the use of epiphyseal screw
lengths of 14, 14, 16 and 14 mm for FU, NU, NR and FR screws,
respectively, for 10 mm diaphyseal screws, 16, 16, 16 and 14
mm, respectively, for 12 mm diaphyseal screws, and 16, 18, 18

Standardized
Coefficients

95,0% Confidence Interval for B

Beta Upper Bound
4,841 0,0001 555 13,441
0,598
512 0,0001 0,478 1,097
4,176 0,0001 4,856 13,885
0,586
4,954 0,0001 0,517 1,225
6,678 0,0001 8,633 16,078
0,553
4,549 0,0001 0,368 0,951
5,721 0,0001 6,591 13,739
0,565
4,689 0,0001 0,373 0,933

and 16mm, respectively, for 14 mm diaphyseal screws.

The use of these predetermined lengths may help the surgeon
avoid the risk of dorsal cortex penetration and therefore
minimize the complication of extensor tendon injury. There
are novel studies to prevent these complications, such as
using intraoperative computed tomography-guided navigation
systems, and all efforts of the researchers aimed at preventing
dorsal and intraarticular penetration [10]. Compared to these
techniques, the use of predetermined screw lengths may also
reduce intraoperative radiation exposure through the use
of fluoroscopic imaging. Extensor tendon injuries may also
occur with over-drilling of the far cortex [11]. In extraarticular
osteoporotic fractures, even if the dorsal cortex is intact, depth
measuring and feeling of the dorsal cortex during drilling may
be hard. Moreover, dorsal comminution of the distal radius
displaces the extensor tendons more anteriorly from their
original anatomic position and causes a higher risk for extensor
tendon injury. Using predetermined sizes gives surgeons the
advantage of using depth stop drill bits to avoid intraoperative
tendon injuries by leaving the dorsal cortex intact.

Letissier et al. suggested to use 18, 18, 20, and 16 mm
epiphyseal screws for FU, NU, NR and FR, respectively, for
diaphysis screws shorter than 14 mm, and 20, 20, 22, and
18 mm epiphyseal screws for diaphysis screws of 14 mm or
longer in their study of the virtual plating of distal radius [8].
In our study, every radius was evaluated and compared with
its own diaphyseal screw length in our study. Therefore, it
can be considered that no gender evaluation is needed for
the same ethnicity. Conversely, using an equal length of the
epiphyseal screw with a 10-mm-diaphysis and a 13.9-mm-
diaphysis can cause dorsal cortex penetration or insufficient
fixation problems. For this reason, we evaluated the diaphyseal
lengths in 3 groups (10-11.9, 12-13.9, 14 and above). Yuen et
al. reported that the mean FU, NU, NR and FR screw lengths
were 20 mm, 20.8 mm, 19.6 mm and 15.4 mm, respectively,
in their cadaveric study [12]. In our study, the measurements
of the distal radial epiphysis thickness were in concordance
with these previous studies. However, we suggest using screw
lengths between 75% and 85% of bicortical measurements for
safe (avoiding dorsal cortex penetration) and secure (avoiding
secondary loss of reduction) fixation.

This study has some limitations. First of all, we conducted a
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Figure 2. Measuring epiphyseal (a-d, yellow line with dots) and diaphyseal (e, red line with dots) screw lengths.

CT analysis study to determine the epiphyseal screw lengths,
not specific to any commercial plate design, but which may
be applicable to most of the available plates. This may seem
like a potential error, but we think that the measurements of
the distal radius may be a valuable guide for surgeons, since
the screw length measured cortex to cortex in locking plates,
to avoid tendon complications while performing volar plate
surgery. Previous studies have measured the length of the
epiphyseal screws placed perpendicular to the plate [11]. In
this study, measurements were made for screws with a fixed
10 degrees angulation. Screw angulation can be manipulated
in several commercially available plates, thus may alter the
epiphyseal screw lengths. Additionally, we designed our study to
position epiphyseal screws 4.5 mm proximal to the radiocarpal
joint line. More proximal placement of the volar plate may also
alter screw lengths. Moreover, it should be kept in mind that
ethnicity changes may result in different anatomic features,
and therefore measurements may differ. This technique may
not be practical for the surgeons preferring to apply the distal
epiphyseal screws first as an aid for reduction. On the contrary,
a predetermined screw length can be a helpful guide for safe
screw placement and secure fixation.

Conclusion

We recommend to use epiphyseal screw lengths of 14, 14, 16
and 14 mm for FU, NU, NR and FR screws, respectively, for
10 mm diaphyseal screws, 16, 16, 16 and 14 mm, respectively,
for 12 mm diaphyseal screws, and 16, 18, 18 and 16mm,
respectively, for 14 mm diaphyseal screws to achieve safe and
secure fixation in the volar plating of distal radial fractures.
Using predetermined epiphyseal screw lengths in volar plating

of distal radial fractures may avoid the risk of extensor tendon
injury, decrease operation time and reduce intraoperative
radiation exposure.
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